Aqueous contaminant removal in the presence of metallic iron (e.g. 
Introduction
Widespread groundwater contamination has prompted intensive efforts to find efficient and affordable remediation technologies. Recently, the introduction of in situ permeable reactive barriers for groundwater remediation [1, 2] has attracted the attention of environmental which contains a removing agent. The groundwater passing through a reactive barrier is ideally completely freed from contaminants [3] [4] [5] .
In the last two decades metallic iron (Fe 0 ) has been extensively used in remediation schemes to effectively remove a wide variety of inorganic and organic contaminants in reactive barriers [3] [4] [5] [6] . Ideally, Fe 0 is oxidized only from the oxidized form of the contaminant (Ox) which reduction yields a corresponding reduced form (Red) (Eq. 1 -Tab. 1). Unfortunately, water is present in stoichiometric abundance (solvent), and is corrosive to Fe 0 both under anoxic (Eq. 2) and oxic (Eq. 3) conditions ( [7] and ref therein of the system, promoting the formation of iron hydroxides (Eq. 6 and 7). Iron hydroxides are then transformed through dehydration and recrystallisation to various iron oxides depending on the geochemical conditions [3, 8, 9] . Iron (hydr)oxides are good adsorbent for several contaminants (Eq. 9). During their precipitation, iron hydroxides may sequestrate contaminant in their matrix (Eq. 10).
The presence of iron hydroxides and other ferrous and ferric oxides (Eq. 6 to 8) causes passivation of the Fe 0 surface [3, [8] [9] [10] . As an oxide layer is formed on the Fe 0 surface, a contaminant should migrate across the film to adsorb on the Fe 0 surface and undergo reduction. Alternatively, the oxide layer should be electronic conductive to warrant electron transfer [11, 12] [18, 19] , yielding at the term a layer of primarily non-protective oxide film on Fe 0 [20, 21] . Therefore, from the early stage of iron immersion on, the impact of in situ generated reactants (Fe 
Quantification of Reactive Species in a Fe 0 /H 2 O System
To demonstrate the importance of in situ generated reactants on the process of contaminant thus their affinity to adsorptive surfaces is necessarily pH dependant. At pH > 4 the iron surface is covered by insoluble oxide layers [18, 22] . Whether the contaminant is reduced or not, it might be removed from the aqueous phase by adsorption and/or co-precipitation [15, [25] [26] [27] . Therefore, "contaminant removal" and "contaminant reduction" should never be interchanged randomly. Moreover, when a contaminant is effectively reduced the exact reduction mechanism (direct or indirect) is difficult to access. In the field the situation is exacerbated by microbial mediated reduction. The question arises whether it is possible to distinguish between adsorption, co-precipitation, and reduction in laboratory experiments. Fig. 1a) , (ii) physical adsorption (Fig. 1b) , and (iii) co-precipitation (Fig. 1c) 
Chemical transformation vs. physical processes
To further evidence the importance of experimental conditions for the significance of expected results, the processes in a Fe 0 /H 2 O system can be abstractly considered independent and subdivided into chemical transformations (contaminant reduction, iron hydroxide precipitation) and physical processes (contaminant adsorption, contaminant co-precipitation).
With respect to contaminant removal, all chemical transformations are called reduction and 7 physical processes are called fixation (Fig. 2) . Fixation is thus the sum of adsorption and coprecipitation while only direct reduction is considered. Figure 2 shows clearly that for 1 % material consumption (Fig. 2a) Although the iron wall technology is demonstrably efficient, the presentation above demonstrates that reported experiments are disconnected from reality. In fact, the main conclusion from the hitherto presentation is that in nature, contaminants flowing into a Fe 0 /H 2 O system are foreign species in a system of precipitating iron oxide (statement 1). This situation is illustrated by Fig. 3 . Figure 3 shows the evolution of the molar ratio contaminant 
Improved Experimental Conditions
Typically, factors controlling Fe 0 consumption (Fe 0 reactivity) have been treated independently and with use of a variety of methodologies, for example: hydrogen production [30, 31] ; Fe 0 oxidative dissolution in ethylenediaminetetraacetic acid -EDTA [32, 33] or more commonly, the extend of contaminant removal [34, 35] . Experimental measurements of aqueous contaminant removal coupled to Fe 0 consumption are usually normalized to Fe 0 specific surface area [36] . However, the Fe 0 area is only one of numerous reactivity factors.
Therefore, it is difficult to compare published kinetic data. To circumvent this inherent difficulty, the analysis in this study has considered the percent Fe 0 consumption. It is obvious that the kinetic of consumption depends on several factors [11, 32, 34, 37] 
